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INTRODUCTORY OPERATING GUIDE TO THE HP 3326A TWO-CHANNEL SYNTHESIZER 


Two or more signals are commonly 
required in ATE systems, intermodula- 
tion and signalling applications and for 
generation of a phase offset. In the 
past, two separate signal sources were 
commonly required to produce these 
signals. In many cases, additional 
equipment such as a phase meter or 
oscilloscope was needed if calibration 
was important. The use of two separate 
sources increased equipment com- 
plexity and added to measurement dif- 
ficulty. The Hewlett-Packard 3326A is a 
solution to these problems in a single 
instrument. The HP 3326A combines 
two synthesized sources to form a syn- 
ergistic pair that solves these problems 
and provides the user with a powerful 
set of new measurement capabilities 
and convenience. 


This introductory operating guide 
describes the basic capabilities and 
operation of the HP 3326A, addresses 
many applications and illustrates ways 
in which this Two-Channel Synthesizer 
can help simplify measurements. 


Chapter 1 describes the main features 
while Chapter 2 familiarizes the reader 
with the controls and connectors of the 
front and rear panels. Chapters 3, 4 and 
5 describe basic keystrokes and 
applications for the Two-Channel, Two- 
Tone, and Two-Phase modes of opera- 
tion, respectively. A complete listing of 


error codescan be foundin AppendixA. 
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THE HP 3326A 


What Is The HP 3326A? 

The HP 3326A is a Two-Channel Syn- 
thesizer, which combines two dc-to-13 
MHz synthesizers into one instrument 
as shown in the simplified block dia- 
gram, Figure 1.1. It provides the user 
with a better solution to today’s com- 
plex signal needs by reducing the 
number of instruments required while 
providing new high performance 
capabilities and measurement ver- 
satility. Microprocessor control of both 
synthesizers maintains simultaneous 
control of each source while simplifying 
operation. The microprocessor also 
provides internal and external calibra- 
tion, coordinated sweeping of both out- 
puts, and HP-IB* capabilities. 


Figure 1.1 
Simplified HP 3326A block diagram. 


FRACTIONAL-N 
SYNTHESIZER 


WAVE 
SHAPER 


SWEEP OUT 


REF IN 


< 
PHASE CAL FREQ, PHASE, 
EXT AM . LEVEL CONTROL [> 
EXT PM 
MICROPROCESSOR | 
CONTROL 


VJU SL 


FRACTIONAL-N 
SYNTHESIZER 


WAVE 


PAE SHAPER 


VIU SD. 


AMPLIFIER 


AMPLIFIER 


e What’s Unique About The HP 3326A? 
First, the HP 3326A has four modes of 
operation which determine the rela- 
tionship between the Channel A and B 
outputs; Two-Channel, Two-Tone, Two- 
Phase and Pulse. The Channel A and 
B outputs can be combined into a sin- 
gle composite output signal at Channel 
A in the first three modes, or Channel B 
can be used to internally amplitude or 
phase modulate Channel A in the Two- 
Channel mode. The Pulse mode is 
derived from the Two-Phase mode and 
operation is similar. 


Sweep capabilities include phase con- 
tinuous sweep of both channels as well 
as a powerful new Discrete Sweep for 
random frequency sweeps. The HP 
3326A provides 1 wHz resolution below 
100 KHz and 1 MHz from 100 kHz to 13 
MHz. Amplitude resolution is 0.01 dB. 
Let's look at some of these unique fea- 
tures In more detail. 
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e A Clean Signal Source 

Sinusoidal signals have harmonic and 
spurious content of less than — 80 dBc 
below +13 dBm and 100 kHz as 
shown in Figure 1.2. The spurious con- 
tent is — 70 dBc at maximum output 
level and frequency. Integrated 
residual phase noise (with Option 001) 
is specified at —66 dBc for a 30 kHz 
band centered on a 10 M Hz carrier 
(excluding a £1 Hz band centered 
about the carrier). Internal sinusoidal 
channel isolation is — 80 dB so that 
channel crosstalk effects are minimized 
for excellent signal integrity. 


Figure 1.2 
Low harmonic and spurious levels. 


*“HP-IB; not just IEEE-488, but the hardware, documentation and support that delivers the shortest path to a measurement solution. 


The Two-Channel Mode 

In the Two-Channel mode, the HP 
3326A functions as two separate dc- 
to-13 MHz synthesized sources, with 
independent frequency, amplitude and 
waveform control for Channels A and B 
as shown in Figures 1.3a and 1.3b. 
Either or both channels can be swept 
separately with independent start and 
stop frequencies. Modulation capa- 
bilities include external AM and PM for 
each channel. In addition, internal AM 
and PM are available for Channel A 
using the Channel B output as a cali- 
brated modulation source. The Two- 
Channel mode is particularly useful 
in applications requiring two inde- 
pendent signals with a synchronous 
relationship to a common frequency 
reference. Chapter 3 describes Two- 
Channel operation and applications in 
more detail. 


Figure 1.3 
(a) Time domain and (b) frequency domain of two 
signals using the Two-Channel mode. 


The Two-Tone Mode 

The Two-Tone mode is useful for inter- 
modulation distortion testing and sig- 
naling applications as covered In 
Chapter 4. In this mode, the output fre- 
quencies of both the Channel! A and B 
signals can be set from dc to 138 MHz, 
but the frequency difference between 
the two signals must be within 100 kHz 
of each other. 


An example is illustrated in Figure 1.4a 
and 1.4b. Both the Channel A and 
Channel B frequencies can be inde- 
pendently swept within this rela- 
tionship. Setting the Channel A fre- 
quency (with sweep off) automatically 
alters the frequency of Channel B to 
maintain a constant offset in the Two- 
Tone mode. 


This signal pair can be produced with 
one signal at each channel output, or 
combined into one composite signal at 
the Channel A output connector. Sig- 
nal amplitudes and waveforms can be 
independently selected as in the Two- 
Channel mode and external modula- 
tion can be applied. 
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Figure 1.4 
(a) Time domain and (b) frequency domain of two 
tracking signals using the Two-Tone mode. 
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The Two-Phase Mode 

This mode provides a calibrated phase 
offset between two signals at the same 
frequency as illustrated in Figures 1.5a 
and 1.5b. As with the other HP 3326A 
modes, the individual signals at the 
Channel A and B outputs have inde- 
pendently selectable amplitudes and 
waveforms. 


The phase offset is calibrated and elimi- 
nates the need for external measure- 
ment instruments such as a phase- 
meter, counter-timer, or oscilloscope 
commonly required when using two 
single sources. Internal and external 
calibration is also provided for 
accuracies up to 0.2 degree with 0.01 
degree resolution. A multiphase cal- 
ibration feature allows the user to 
extend operation to three or more 
ohases by adding additional HP 
3326A’s. Multiple phases are com- 
monly required in phased array 
applications as discussed in Chapter 5. 
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Figure 1.5 

(a) Time domain and (b) Lissajous pattern repre- 
sentation of two signals using the Two-Phase 
mode. 


The Pulse Mode 

In the Pulse mode, the HP 3326A pro- 
duces a precision pulse at the Channel 
A output and its complement at the 
Channel B output. This mode is similar 
to the Two-Phase mode and offers the 
same degree of accuracy, resolution 
and stability. Pulse width accuracy is 
1% of the period with a resolution of 
0.1% of the period. 


The width of the pulse is determined by 
the duty cycle which can be set from 
1% to 99% (mimimum width 20 ns) 
and remains constant as the frequency 
is changed or swept. The HP 3326A 
produces pulses with [5% overshoot 
and S15 ns rise and fall times. The 
amplitudes of both outputs can be indi- 
vidually selected for additional ver- 
satility. Examples of these capabilities 
are shown in Figures 1.6a and 1.6b. 
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Figure 1.6 

(a) A pulse and it’s complement in the Pulse 
mode, and (b) Pulses as narrow as 20 ns can be 
generated with the HP 3326A. 


Waveform Functions 

The HP 3326A allows the user to inde- 
pendently select sine wave or square 
wave functions at the Channel A and B 
outputs in the Two-Channel, Two-Tone 
and Two-Phase modes. A dc offset can 
be added to either of the outputs in any 
these modes as well as the Pulse 
mode. The maximum peak amplitude 
of the ac plus dc signal is + 5 volts (+ 
20 volts with the High-Voltage Output 
option). 


A combination of sine, square or pulse 
waveforms with a dc offset is conven- 
ient for interfacing directly to devices 
requiring a bias offset or for elevating 
an ac signal above ground for TTL 
applications. The HP 3326A can gen- 
erate a dc-only output signal on either 
channel by simply selecting the DC 
Output function. In this case, the dc 
value will be that of the dc offset level. 
Figures 1.7a through 1.7d are examples 
of some of the waveforms possible with 
the HP 3326A. 
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e Combining Two Signals 

An internal combiner can be used to 
sum the two output signals together to 
produce one composite signal at the 
Channel A output connector. This fea- 
ture applies to the Two-Channel, Two- 
Tone and Two-Phase modes. With the 
combiner activated a dc offset is not 
allowed. Figures 1.8a and 1.8b show 
two signals before and after being 
combined. 
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Figure 1.8 

Two signals (a) can be combined into one (b) to 
simulate harmonic distortion at the Channel A 
output. 


Figure 1.7 

Waveform examples at the two outputs: (a) sine- 
sine, (b) sine-square, (Cc) Square-square, (d) dc- 
square. 


Modulation 

The HP 3326A modulation capabilities 
include both amplitude and phase 
modulation. These capabilities are 
summarized in Table 1.1 for each of the 
four modes. Let’s look at each modula- 
tion capability in more detail: 


e Amplitude Modulation 

Internal amplitude modulation is avail- 
able in the Two-Channel mode on 
Channel A, while external amplitude 
modulation capability is provided in all 
modes and can be applied indepen- 
dently to each channel. With internal 
modulation, the Channel B signal func- 
tions as either a sine wave or square 
wave modulation source. 


Amplitude modulation rates are from 
dc to 100 kHz. Envelope distortion as 
low as — 46 dBis the result of the linear 
modulator technique used in the HP 
3326A. Internal modulation depth can 
be set from O to 100 percent with 0.1 
percent resolution and 5 percent 
accuracy. Figures 1.9a through 1.9c 
show examples of amplitude modu- 
laton waveforms. 
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Channel A Channel B 
Internal External External 
Mod Mod Mod 

Mode AM PM AM PM AM PM 


Two-Channel Yes Yes Yes Yes Yes Yes 


Two-Tone No No Yes No Yes Yes 
Two-Phase No No Yes No Yes Yes 
Pulse No No Yes No Yes Yes 


Table 1.1. Modulation capabilities in each of the four modes of the HP 3326A. 
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Figure 1.9 

Amplitude modulation examples: sinusoidal AM 
of a(a) sine wave and (b) square wave Carrier; (C) 
square wave AM of a sine wave Carrier. 
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e Phase Modulation 

The HP 3326A also features both inter- 
nal and external phase modulation. 
Internal phase modulation is available 
in the Two-Channel mode on Channel 
A using Channel B as the modulation 
source. As shown in Table 1.1, external 
phase modulation capabilities depend 
upon the mode selected. In the Two- 
Channel mode, the user can externally 
ohase modulate either or both chan- 
nels, while in the other modes external 
PM is possible only with Channel B. 


A unique synchronous phase modula- 
tion capability is available for both 
channels in the Two-Tone, Two-Phase 
and Pulse modes. This capability 
allows the user to simultaneously 
phase modulate both channels with a 
synchronous relationship. 


Phase modulation rates can be from dc 
to 5 KHz with up to +360 degrees 
peak deviation and 0.5 percent lin- 
earity. Internal accuracy is 5 percent 
with 1 degree resolution. Figures 1.10a 
through 1.10c show examples of phase 
modulation capabilities. The HP 
3326A also allows the user to apply 
simultaneous amplitude and phase 
modulation at each channel. 


Frequency Sweep 

The HP 3326A features phase continu- 
ous frequency sweep of both chan- 
nels. The difference in sweep operation 
between each HP 3326A mode is pri- 
marily in the tracking of the Channel B 
frequency relative to that of Channel A 
during sweep. The relationship of the 
Channel B frequency to that of Channel 
A is summarized in Table 1.2. 
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Figure 1.10 

Sinusoidal phase modulation of a (a) sine wave 
and (b) square wave carrier; (c) synchronous 
phase modulation of both channels. 
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Mode Channel B Tracking 

Two-Channel Channel B frequency is independent of 
Channel A frequency. 

Two-Tone Channel B frequency is within + 100 kHz 
of Channel A frequency. 

Two-Phase Channel B frequency is identical to Chan- 
nel A frequency. 

Pulse Channel B frequency is identical to Chan- 


nel A frequency. 


Table 1.2 The relationship of Channel B frequency to Channel A frequency dur- 
ing sweep. 


The HP 3326A allows flexible sweep 
control with two sweep types—Linear 
and Discrete. Trigger capability is pro- 
vided for both continuous and single 
sweeps with both sweep types. With 
single sweep, triggering is accom- 
plished from a front panel keystroke, 
HP-IB command or a rear panel input 
signal. This trigger can be prearmed 
with the Sweep Reset function. When 
armed, the sweep will start within 10 
usec of the trigger signal. Now, let’s 
look at the two frequency sweep types: 


e Linear Frequency Sweep 

The sweep direction of either channel 
may be increasing or decreasing fre- 
quency by selecting the appropriate 
start and stop frequencies (or center 
frequency and span) in the Linear 
Ramp mode. A Triangular Sweep 
mode is also provided for a continuous 
up-down sweep. Figures 1.11 through 
1.15 illustrate some of the linear sweep 
combinations possible. A rear panel X- 
drive signal allows the HP 3326A to be 
used with oscilloscopes and X-Y 
recorders. During Linear Sweep, a 
marker can be positioned at a precise 
point which identifies the correspond- 
ing frequencies at each channel. A rear 
panel Z-blank TTL signal goes high 
during retrace in the Linear Ramp and 
Discrete Sweep modes and when 
sweep Is off. 
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Figure 1.71 

Two-Channel mode sweep examples. (a) Chan- 
nels A and B increasing frequency, (b) Channel A 
(upper trace) decreasing frequency while Chan- 
nel B (lower trace) Is increasing frequency. 
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Two-Tone mode sweep example with tone pair at 
(a) t,, (0) tp and (Cc) ts. 
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e Discrete Frequency Sweep 

This capability allows rapid switching 
from one frequency to another In a 
user-defined sequence of up to 63 
pairs. Discrete Frequency Sweep takes 
advantage of fast hardware switching 
and Save-Recall Memory to provide a 
rapid frequency switching time. 


For changes of less than 1 MHz, fre- 
quency switching takes place in typ- 
ically 10 ms and linearly increases to 
typically 25 ms for changes of 1.0 MHz 
or greater. This mode is useful in 
sequential-tone signaling applications 
such as dual-tone multiple-frequency 
(DTMF) and pocket pagers. Figure 1.16 
illustrates an example of Discrete Fre- 
quency Sweep. 
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Figure 1.16 
Fast frequency transitions occur on both chan- 
nels in the Discrete Frequency Sweep mode. 
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Figure 1.13 
Phase difference in the Two-Phase mode is con- 
stant during sweep. 


Figure 1.14 
A swept pulse signal in the HP 3326A Pulse 
mode. The duty cycle remains constant with 
frequency. 


Figure 1.15 

Ramp (upper trace) and Triangular (lower trace) 
Sweep examples in the Linear Frequency Sweep 
mode. 
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INSTRUMENT FAMILIARIZATION 


ee Status 


Display panel displays frequency (up to 
11 digits), amplitude, phase offset, dc 
offset, sweep frequencies and time, 
marker frequency, HP-IB address val- 
ues and error messages. CHAN key 
selects channel for display and modifi- 
cation. The A and B LEDs indicate 
channel selected. Channel B phase is 
indicated by PHASE OFFSET LED. 
EXT REF LED illuminates when oper- 
ating with an external frequency refer- 
ence or High Stability Frequency 
Option (Option 001). 


WD) pie status 


LEDs indicate status of HP-IB opera- 
tion. LOCAL key returns HP 3326A 
from remote to front panel operation 
unless local lockout is programmed. 
LOCAL preceded by blue SHIFT key 
displays HP-IB address. 


ee Sweep 


SWEEP keys set start, stop, and either 
a continuous or single frequency 
sweep. Ramp sweeps from start to 
stop frequency while Triangle sweeps 
from start to stop to start frequencies. 
Discrete sweep maintains a constant 
frequency output for a specified dwell 
time before stepping to the next 
frequency. 


Figure 2.1 
HP 3326A Front Panel. 
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Entry 


Signal frequency, amplitude, phase, or 
dc offset is changed by selecting 
appropriate ENTRY key. PHASE and 
DC OFFSET keys with blue SHIFT key 
assign a zero phase value to the signal 
or removes an entered phase. The blue 
DUTY CYCLE and % AM/PM DEV 
entries change the pulse duty cycle, 
percent AM or PM deviation. 


S| Instr State 


Setups are saved and recalled from 
nonvolatile memory registers O through 
9. Register 0 contains the last setup 
prior to removing power. Discrete 
Sweep elements are saved and 
recalled from memory by the SAVE/ 
RECALL keys preceded by blue 
SHIFT key. Contiguous discrete ele- 
ments range from 00 to 62 and consist 
of dwell time and Channel A and B 
frequencies. 


6 Data 


Frequency, amplitude, offset, time, 
memory location, and HP-IB address 
are entered with the numeric keypad 
followed by a units suffix. 


EA) mosity 


Frequency, amplitude, offsets and time 
values are modified with the rotary 
knob. The arrow keys select display 
digit modified. 


8 Sync A Output 


1.2 Vpp square wave output with same 
frequency as Channel A. 


©) modulation 


Internal and external AM and PM 
sources are selected with the modula- 
tion keys. Internal modulation uses 
Channel B to modulate Channel A. 
External modulation inputs are on the 
rear panel. 


10 Calibration 


MANUAL key initiates an HP 3326A 
calibration. SELECT key selects the HP 
3326A phase calibration source (inter- 
nal, external or multiphase). External 
phase calibration inputs are on the rear 
panel. SELECT preceded by blue 
SHIFT key initiates self test. 


11 Mode 


MODE key selects the 2 CHANNEL, 2 
PHASE, 2 TONE, or PULSE operating 
modes. Combined operation sums 
Channel A and B to produce a com- 
posite output at Channel A. 


12 Function 


Independent function outputs include 
sine wave, square wave, and dc. The 
High Voltage Option provides outputs 
up to 40 Vpp. 


SS MODULATION SRK Gs 


Be Modulation Inputs 


PM (5 KHz maximum modulation fre- 
quency) or AM (100 kHz maximum 
modulation frequency) is available for 
either or both channels. AM and PM 
can operate simultaneously. 


eee Calibration Inputs 

Externai calibration sources are con- 
nected to the calibration inputs. 

eas Channel Outputs 


Optional rear panel outputs (Option 
003) for Channel A and B. 


Figure 2.2 
HP 3326A Rear Panel. 


4 Ext Trig Input 


Allows external triggering of single 
SWEEPS. 


1) Z-Blank/X-Drive Outputs 


The Z-BLANK and X-DRIVE OUT- 
PUTS are compatable with most 
oscilloscopes and plotters. Z-BLANK 
signal is TTL high during retrace. X- 
DRIVE provides linear 0 to 10 V ramp 
proportional to sweep time. 


1) vp. 


Allows remote operation with external 
controllers. 


a Marker Output 


A TTL (0 to 5 V) negative going transi- 
tion during sweeps. 
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1) 20-33 MHz B-L.O. Output 


Output offset from Channel B fre- 
quency by 20 MHz. 


9 Frequency Reference Input/Output 


The HP 3326A is phase-locked to sta- 
ble frequency references with the 1, 2, 
5, 10 MHz REF IN connector. Other 
instruments are phase-locked to the 
HP 3326A through the 10 MHz OUT 
connector. The 10 MHz OVEN OUT- 
PUT option (Option 001) provides a 
high stability frequency reference 
when connected to 1, 2, 5, 10 MHz 
REF IN. 


PRT CAL 
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TWO-CHANNEL MODE OPERATION 
GETTING SIARTED 


1. Instrument Preset. (eTR STATE 
To establish a known setup prior to 
entering setup data, press the green 
INSTR PRESET key. Upon preset, the 


HP 3326A assumes the following 
setup characteristics: C) () 


PRESET. 


2. Select Mode—2 CHANNEL. 
eee The preset state places the HP 3326A 
Frequency A and B 1000 Hz into the Two-Channel mode as indi- meee Ne 
<< ~SSS atted by the illuminated the 2 CHAN- 
Amplitude A and B 100 mVp-p NEL indicator. In the Two-Channel — 
DC offset A and B OV mode, the HP 3326A operates as two MODE. 


independent sources. 


— — 3. Set Entry and Data Parameters. 
Modulation Off Prior to entering data parameters, 
Merklaon ve 0% parta'be moditee, The otanne Si 
Sweep Off selected is indicated by the illuminated 
channel indicator. 
Single ramp | 
Select an ENTRY key corresponding to 
13 MHz span the parameter to be modified. An indi- 
cator for the FREQ, AMPTD, PHASE, 
is sweep DC OFFSET, DUTY CYCLE and % 
Function A and B Sine wave AM/PM DEV ENTRY keys illuminates 
after the respective key is selected and 
Calibration Internal the current value for the parameter is ee Gai 
Autocalibration Off apenas 


Enter new values into the display area 
with the numeric keypad and terminate 
the entry with the appropriate units key 
in the DATA block. Prior to ending the 
entry with the units keys, erroneous 
entries are corrected by removing dis- 
play digits with the BACK SPACE key 
or canceling the entry by pressing an 
ENTRY key. Entering an invalid value 
results in an error message and rejec- 
tion of the entry. Appendix A contains a 
listing of the error messages and a 
description of the fault. Figure 3.1 illus- 
trates entering setup values into the 
HP 3326A. 
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4. Select Function. 

The output waveform for each channel 
is selected with the FUNCTION keys. 
The output for each channel can be 
disabled or set to sine wave, square 
wave, or dc output (dc offset) only. 


5. Connect Device Under Test. 

Connect the HP 3326A outputs to the 
test device and other instruments used 
in the measurement as required. 


6. Calibration. 

Before making a measurement, calli- 
brate the HP 3326A with the MANUAL 
key. Amplitude, dc offset, phase, and 
internal modulation are calibrated inter- 
nally when the manual key Is pressed. 


1. CHAN (CH A) 


2. AMPTD 1 * 1 2 5 VRMS 
3. FREQ 1 0. kHz 
1. CHAN (CH B) 
2. AMPTD - 3 5 1 VRMS 
3. FREQ 3. O. kHz 
SELECT 
FUNCTION. 


CALIBRATE. 


Be : 
VATE AVAL A 
See 
Pol 


Figure 3.1 
Two-Channel mode keystroke example resulting 
in the above output signals. 
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T WO-CHANNEL MODE APPLICATIONS 


REI 


KREME 


SWEPT MIXER MEAS 


Application 

The characterization of mixers usually 
involves the measurement of fre- 
quency response, conversion loss and 
distortion. Point-to-point cw measure- 
ments can be made, but these are slow 
and tedious. Since the RF and LO input 
signals and their difference frequency 
(the IF) must be accurately controlled, 
two sources are typically required. The 
use of swept techniques can speed up 
the measurement and provide charac- 
terization over a wide range of 
frequencies. 


Measurement Considerations 

The testing of devices such as mixers is 
somewhat complicated because they 
operate with different input and output 
frequencies. Although broadband 
measurement techniques can be 
used, the numerous harmonic and 
spurious signals usually present can 
limit measurement accuiacy. The use 
of a narrowband tracking network ana- 
lyzer eliminates these problems by 
selecting only the desired signal com- 
ponent and provides better accuracy 
and dynamic range. 


Mixer intermodulation products and 
group delay are examples of different 
distortion effects that are important in 
mixer applications. A mixer inter- 
modulation distortion measurement Is 
illustrated in Chapter 4. 
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HP 3326A Solution 

Figure 3.2 shows a measurement 
setup using the HP 3326A with an HP 
3577A Network Analyzer to make 
swept measurements of mixer fre- 
quency response, conversion loss and 
group delay. The HP 3326A Channel A 
output provides the RF input to the 
mixer. The Channel B output is used to 
provide a local oscillator signal. 


Using the HP 3326A Two-Channel 
mode, the Channel A sweep is set to 
the desired mixer input range and the 
HP 3577A is set to sweep over the 
corresponding mixer output frequency 
range. The HP 3326A Z-blank signal 
externally triggers the HP 3577A in the 


HP 3 
TWO- “CHANNEL SYNTHESIZER 


continuous sweep mode. Both instru- 
ments use a common frequency refer- 
ence and the same sweep time. 


To make a measurement, first calibrate 
by measuring the RF input signal. This 
is accomplished by replacing the mixer 
with a through connection, and taking 
a reference measurement with the HP 
3577A set to sweep through the input 
frequency range. The measurement is 
initiated with an HP 3326A single 
sweep keystroke. This reference meas- 
urement will be valid at the mixer out- 
put if the mixer RF input is linear. 


Figure 3.2 
Setup for swept mixer testing. 


HP 3577A 
NETWORK ANALYZER 


10 MHz REF 


EXT TRIGGER 


Then use the HP 3577A Normalization 
function to store the reference meas- 
urement. When normalized, the mixer 
measurement at HP 3577A input A will 
be displayed as A/D1, where D1 is the 
reference measurement. With this tech- 
nique, frequency response flatness 
can be measured to 0.3 GB, limited by 
the HP 3577A absolute flatness 
performance. 


Figures 3.3 and 3.4 illustrate frequency 
response and group delay measure- 
ments of a mixer with a 10.7 MHz IF 
bandpass filter. Mixer flatness and con- 
version loss is obtained from the fre- 
quency response measurement. In this 
example the HP 3326A Channel A fre- 
quency is swept from 2.2 to 3.2 MHz 
(RF), and the Channel B start and stop 
sweep frequencies are both set at 8 
MHz to produce a cw signal at 8 MHz. 
The HP 3577A is set to sweep from 
10.2 to 11.2 MHz (IF). The HP 3326A 
was set for sinusoidal output and 
0 dBm at both channels. 
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Figure 3.3 
Mixer frequency response measurement at IF 
output. Vertical axis 10 dB/div. Horizontal 10.2 to 
11.2 MHz. 


Fea a 
lies aa eee 
GeV eas ee 
oe a 


phe | 
Se ee 
UC 
ee 
ee 
Oe eal 
Uo 2 ee 


Figure 3.4 

Mixer group delay flatness measurement. Ver- 
tical axis 20 us/div. Horizontal axis 10.2 to 11.2 
MHz. 
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PHASE-LOCKED LOOP TESTING 


Application 

The phase-locked loop (PLL) Is an 
important circuit in many electronic 
applications such as communications, 
consumer electronics, frequency syn- 
thesis, and navigation. Although there 
are many variations in loop design, a 
basic loop consists of a phase detector, 
low-pass filter, voltage-controlled 
oscillator (VCO) and a frequency 
divider as shown In Figure 3.5. 


In a PLL circuit, the phase detector 
compares the input signal phase with 
that of the VCO signal after it passes 
through the frequency divider. The 
phase detector output is an error signal 
that is proportional to the difference in 
ohase between its input signals. This 
error voltage passes through a low- 
pass filter which supresses noise, high 
frequency signal components and 
helps determine loop dynamic per- 
formance. The PLL operates in such a 
way that the VCO and input signals are 
locked together with a constant phase 
difference. The measurement of PLL 
frequency response and transient 
response are often needed to analyze 
the performance of these circuits. 
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Frequency Response Measurement 
Considerations 

The analysis of phase-locked loops has 
been somewhat difficult for several rea- 
sons. First, the controlled variable is fre- 
quency, but the error signal is based on 
phase. Since frequency is the deriva- 
tive of phase, the phase of the VCO is 
proportional to the integral of the fil- 
tered VCO voltage. This gives the PLL 
an integrated rather than a linear feed- 
back function. 


second, the phase detector requires 
two signals to operate and this usually 
necessitates that analysis be done with 
the loop closed. Third, many of the PLL 
components such as the phase detec- 
tor or the VCO are often non-linear so 
that input signals with varying peak 
phase deviations can cause varying 
loop responses. 


Several techniques have been devel- 
oped to analyze PLL circuits. One tech- 
nique is to frequency modulate the 
input signal and monitor the resulting 
VCO control voltage. This technique 
works well when the PLL is used as a 
frequency demodulator, but for other 
applications it is necessary to assume 
that the VCO has constant gain inde- 
pendent of the modulation rate or sig- 
nal amplitude. Since the FM modula- 
tion index is dependent upon the rate, 
large phase deviations can be pro- 
duced which cause the loop to operate 
in non-linear regions. 


Another technique is to insert a signal 
into the loop and analyze the resulting 
response, but the process of injecting a 
signal can alter loop performance. The 
individual elements of the loop can be 
analyzed separately, but loop interac- 
tions are usually difficult to predict. 
Analysis of individual loop elements is 
most valuable in diagnosing faulty loop 
operation. 
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Figure 3.5 
Basic phase-locked loop block diagram. 


HP 3326A Solution 

A phase modulation technique can be 
used that offers unique capabilities 
which enhance the user’s ability to 
analyze PLL circuits and that over- 
comes many of the disadvantages of 
other methods. The HP 3326A Is well 
suited to this technique and its Two- 
Channel capability can simplify PLL 
measurements by reducing equip- 
ment complexity. 


The frequency stability of the HP 
3326A makes it ideal for narrowband 
loop testing. The calibrated and wide 
range output level of the HP 3326A Is 
useful when testing a PLL circuit with a 
response that is dependent upon input 
signal level. Wide range level control is 
also important for generating alow PM 
index for frequency response measure- 
ments on PLL circuits with one of the 
three methods available. 


The HP 3326A can be used to make a 
variety of PLL frequency response 
measurements as Summarized in 
Table 3.1. The test setup and details 
of each method are considered 
separately. 


OUTPUT 


fout =N x fin 


Method Test Rates 
1 

20 Hz to 5 kHz 
2 

5 Hz to 5 kHz 
g 


Resolution of 
spectrum 
analyzer 


Equipment Required 


1ea HP 3326A 
Two-Channel Synthesizer 


1ea Spectrum Analyzer 
(HP 3585A) 


1ea Oscilloscope 
(HP 1740A) 


1ea Phase Detector 


1ea HP 3326A 
Two-Channel Synthesizer 


1ea Network Analyzer 
(HP 3577A) 


1ea Oscilloscope 
(HP 1740A) 


1ea Phase 
Detector 


1ea 50 Ohm 
Power Splitter 
(HP 11652-60009) 


1ea HP 3326A 
Two-Channel Synthesizer 


1ea RF Spectrum Analyzer 


(HP 3585A, HP 8568) 


Comments 


For swept measurement of magnitude 
response of PLL circuits with inputs 
and outputs up to 13 MHz. 


HP 10534A Mixer is used as a Phase 
Detector with RF and LO input frequen- 
cies down to 50 kHz. 


For swept measurement of magnitude 


and phase response of PLL circuits 
with inputs and outputs up to 13 MHz. 


HP 10534A Mixer is used as a Phase 
Detector with RF and LO input frequen- 
cles down to 50 kHz. 


For swept measurement of magnitude 


response of PLL circuits with inputs up 
to 13 MHz and outputs up to the limit of 
the spectrum analyzer. 


to 13MHz. 


Table 3.1 A comparison of three methods using the HP 3326A to measure the frequency response of phase-locked loops. 
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e Method 1 

A swept display of PLL magnitude vs 
phase can be obtained using the setup 
shown in Figure 3.6. This method 
yields a fast display response and is 
valuable in making loop adjustments. 
Using this setup, loops with input and 
output frequencies up to 138 MHz can 
be analyzed. Phase modulation rates 
up to the 5 kHz limit of the HP 3326A 
phase modulator are possible. The 
lower limit on the rate is determined by 
the minimum frequency of the spec- 
trum analyzer/tracking generator. 


The frequency response of the HP 
3326A phase modulator is relatively flat 
at low modulation rates, but rolls off for 
rates near the modulation bandwidth. 
The frequency response curve shown 
in Figure 3.7 shows atypical HP 3326A 
phase modulator frequency response. 


10 MHz REF 


CH A EXT PM 


HP 3326A 


The effects of the HP 3326A phase 
modulator frequency response can be 
accounted for by taking a reference 
reading with the phase-locked loop out 
of the circuit and replacing it with a 
through connection. In many PLL cir- 
cuits, the input and output frequencies 
are different and the HP 3326A Chan- 
nel A frequency will have to be tem- 
porarily changed to obtain a reference 
reading. The reference reading can be 
stored in the spectrum analyzers trace 
memory and subtracted out from the 
measurement with the loop in the 
Circuit. 


Proper phase demodulation occurs 
when the Inputs of phase detector 
number 2 are at the same frequency 
and have a phase relationship that cen- 
ters the detector in its linear range as 
observed on the oscilloscope. With the 
HP 3326A in the Two-Channel mode, 
the Channel B phase is adjusted for lin- 
ear operation. 
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Figure 3.7 
Magnitude and phase response of HP 3326A 
phase modulator. Vertical axis: upper trace 2 dB/ 
div.; lower trace 45 deg/div. Horizontal axis 10 Hz 
to 15 kHz. 


Figure 3.8 

Frequency response of a typical phase-locked 
loop using Method 1. Vertical axis 2 dB/div.; hori- 
zontal axis 250 Hz to 5 kHz. 
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PHASE DETECTOR No. 2 
PHASE DEMODULATOR 


The amount of phase deviation Is 
adjusted to assure that both the PLL 
and the phase demodulator are operat- 
Ing in their linear regions. Some PLL 
circuits have significant peaking and it 
may be necessary to reduce the devia- 
tion so that gain compression does not 
occur. Some PLL circuits are sensitive 
to input signal level variations and 
should be tested at various input levels. 


With this method the spectrum ana- 
lyzer tracking generator output is used 
to phase modulate HP 3326A Channel 
A. The modulated RF output from HP 
3326A Channel A is used as the input 
signal to the PLL under test. This pro- 
duces a phase error which the loop 
responds to by phase modulating the 
VCO. The modulated VCO signal is 
then demodulated by phase detector 
number 2 and the frequency response 
is displayed on the spectrum analyzer. 
An example of a typical PLL frequency 
response measurement is shown in 
Figure 3.8. 
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OSCILLOSCOPE 


Y INPUT 


Figure 3.6 


Setup for frequency response measurement 


using Method 1. 
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e Method 2 

With the use of a network analyzer 
instead of a spectrum analyzer, swept 
frequency response measurements 
can be made that yield phase as well 
aS magnitude information. The test 
setup and measurement procedure for 
this method are very similar to that of 
method 1 and is shown in Figure 3.9. 
The only exception is that for certain 
phase detectors such as mixers, it is 
possible to operate on either a positive 
or negative slope which results in a 180 
degree phase shift. 


With the HP 3577A Network Analyzer, 
frequency response measurements 
can be made on loops with PM rates as 
low as 5 Hz. As in method 1, the upper 
PM rate is limited to 5 kHz by the fre- 
quency response of the HP 3326A 
phase modulator. Effects of this fre- 
quency response, particularly below 5 
KHz, can be removed by taking a refer- 


HP 3326A IN 


PHASE 
DETECTOR 
No. 1 


ence measurement as in Method 1. 
The HP 3577A built-in normalization 
capability is convenient for automati- 
cally removing this effect. Figure 3.10 is 
an example of a typical PLL magnitude 
and phase response using this 
method. 


e Method 3 

This method is useful for obtaining the 
magnitude frequency response of PLL 
circuits with wide bandwidths and is 
not restricted to loops with output fre- 
quencies within the range of the HP 
3326A. The loop input frequency how- 
ever must be within the HP 3326A’s 
range. Measurements can be made 
with PM rates limited on the low end by 
the resolution of the spectrum analyzer 
used and on the high end by the dif- 
ference of the HP 3326A Channel A 
and Channel B frequencies. 
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Figure 3.10 

Magnitude and phase response of a typical 
phase locked loop using Method 2, Vertical axes: 
upper trace 1 dB/div.; lower trace 30 deg/div. 
Horizontal axis 5 Hz to 5 KHz. 
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Figure 3.9 
Setup for frequency response measurement 
using Method 2. 
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The test setup for this method is shown 
in Figure 3.11. This method is useful 
because it requires few instruments 
and the test setup is simple. The HP 
3326A is set to the Two-Channel mode 
and the output combiner is used to pro- 
vide a composite PLL input signal con- 
sisting of two frequencies. This is equiv- 
alent to a signal with both AM and PM 
components. If the phase detector in 
the PLL is operated near quadrature, 
the AM component will be removed 
and only the PM component remains. 
The PM rate is determined by the fre- 
quency difference between the HP 
3326A Channel A and B frequencies. 


The PM index is set by the ratio 
between the HP 3326A Channel A and 
B signal levels and Is approximately 
(level B/level A)/2 where level A is 
larger. This index is normally set to less 
than 0.1 radian so that the phase devia- 
tion produced is mainly from the first 
sideband and the PLL operates is a lin- 
ear region. The first sideband level, as 
observed on the spectrum analyzer 
closely tracks the PLL closed loop fre- 
quency response. 


To make a measurement, the setup of 
Figure 3.11 is used. The spectrum ana- 
lyzer is set so that it sweeps from the 
Carrier frequency out to the PLL bana- 
width of interest. With the HP 3326A 
Channel A frequency set to the PLL 
input frequency, adjust the Channel B 
frequency offset (positive direction) to 
produce a first PM sideband at the 
desired frequency corresponding to a 
test frequency within the loop band- 
width. This Channel B offset is then var- 
ied for each sweep of the spectrum 
analyzer. 


The HP 3585A and HP 8568A Spec- 
trum Analyzers have a Max Hold func- 
tion which is useful for storing the first 
sideband levels at each of the different 
offsets for each sweep. It is important to 
set the resolution bandwidth of the 
spectrum analyzer to resolve the spac- 
ing between the carrier and the side- 
bands. An example of a PLL frequency 
response is shown in Figure 3.12. The 
large signal at the start frequency is the 
carrier. The amplitude of each of the 
sidebands traces out the PLL fre- 
quency response. 
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Figure 3.11 
Setup for measuring frequency response with 
Method 3. 


Figure 3.12 

Typical phase-locked loop frequency response 
measurement using Method 3. The first signal is 
the 350 kHz carrier. Vertical axis 10 dB/div.; Hori- 
zontal axis 350 kHz to 365 kHz. 
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Transient Response Measurement 
Considerations 

The time domain response of a PLL 
Circuit to a step Change in input phase 
is useful for determining loop param- 
eters such as rise time, overshoot and 
damping factor. These parameters 
imply many of the same PLL charac- 
teristics that can be measured with fre- 
quency response techniques, how- 
ever they are most useful in deter- 
mining loop settling time and dynamic 
response performance. 


HP 3326A 


CH A EXT PM 


HP 3326A Solution 

Figure 3.13 shows a test setup for 
measuring PLL transient response. In 
this setup the HP 3326A Channel A 
output phase is switched between two 
values using external square wave PM. 
The HP 3314A Function Generator is 
used to produce a square wave signal. 
The rise and fall time of the HP 3326A 
phase modulator is approximately 6 
usec and useful measurements can be 
made on loops with bandwidths of 
approximately 1 KHz or less. 


HP 1740A 
OSCILLOSCOPE 


HP 3314. 


PHASE DETECTOR No. 2 
PHASE DEMODULATOR 


PHASE-LOCKED LOOP 


UNDER TEST 


Figure 3.13 
Setup for measuring transient response. 


Figure 3.14 


Typical phase-locked loop transient response 
measurement. Vertical axis 50 mV/div.; Horizon- 


tal axis 1 ms/div. 


314A 
FUNCTION GENERATOR 


The phase modulated Channel A sig- 
nal is applied to the PLL input and the 
output from the VCO is demodulated 
by a phase detector. The loop time 
domain response to the phase change 
is displayed on the oscilloscope. A typ- 
ical response is shown in Figure 3.14. 
Linear operation of both phase detec- 
tors should be maintained the same as 
for frequency response testing. 


ao 


a 


om 


fo 


re 


”* 


tw 


a z 


; 


TWO-TONE MODE OPERATION 


GETTING SIARTED 


1. Instrument Preset. 

To establish a known setup prior to 
entering setup data, press the green 
INSTR PRESET key. Upon preset, the 
HP 3326A assumes the following 
setup characteristics: 


Mode 

Frequency A and B 
Amplitude A and B 
DC offset A and B 
Phase 

Modulation 
Modulation level 


Sweep 


Function A and B 
Calibration 


Autocalibration 


_ 32 


2 CHANNEL 
1000 Hz 

100 mVp-p 
OV 

O deg 

Off 

30% 

Off 

Single ramp 
13 MHz span 
1s sweep 
sine wave 
Internal 


Off 


PRESET. 


2. Select Mode—2 TONE. 

For Two-Tone setups, press the MODE 
key to illuminate the 2 TONE indicator. 
The HP 3326A now operates as two 
tracking sources with the Channel B 
frequency capable of being offset from 
Channel A by 100 kHz. 


3. Set Entry and Data Parameters. 

Prior to entering data parameters, 
press the CHAN key to select the chan- 
nel to be modified. The channel 
selected is indicated by the illuminated 
channel indicator. 


Select an ENTRY key corresponding to 
the parameter to be modified. An indi- 
cator for the FREQ, AMPTD, PHASE, 
DC OFFSET, DUTY CYCLE and % 
AM/PM DEV ENTRY keys illuminates 
after the respective key is selected and 
the current value for the parameter is 
displayed. 


Enter new values into the display area 
with the numeric keypad and terminate 
the entry with the appropriate units key 
in the DATA block. Prior to ending the 
entry with the units keys, erroneous 
entries are corrected by removing dis- 
play digits with the BACK SPACE key 
or canceling the entry by pressing an 
ENTRY key. Entering an invalid value 
results in an error message and rejec- 
tion of the entry. Appendix A contains a 
listing of the error messages and a 
description of the fault. Figure 4.1 illus- 
trates entering setup values into the 
HP 3326A. 
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4. Select Function. 

The output waveform for each channel 
is selected with the FUNCTION keys. 
The output for each channel can be 
disabled or set to sine wave, square 
wave, or dc output (dc offset) only. 


5. Connect Device Under Test. 

Connect the HP 3326A outputs to the 
test device and other instruments used 
in the measurement as required. 


6. Calibration. 

Before making a measurement, Cali- 
brate the HP 3326A with the MANUAL 
key. Amplitude, dc offset, phase, and 
internal modulation are calibrated 
internally when the MANUAL key is 
pressed. 


1. CHAN (CH A) 
2. AMPTD 


3. FREQ 


1. CHAN (CH B) 
2. AMPTD 


3. FREQ 


1 


8 


1 


1 


0 


2 5 
0 5 
2 5 
0 5 
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Figure 4.1 
Two-Tone mode keystroke example resulting in 
the above output signals. 


CALIBRATE. 


TWO-TONE MODE APPLICATIONS SWEPT 
TWO-TONE INTERMODULATION DISTORTION 


Application 

Measurement of intermodulation (IMD) 
products can yield important informa- 
tion about the non-linear characteristics 
of a circuit or system. These charac- 
teristics relate to second and third- 
order distortion properties of many 
devices such as voice grade and con- 
sumer audio amplifiers, mixers, and 
crystal filters. Applications can be 
found in many areas of communica- 
tions including single sideband, AM 
and FM transceivers, modems and 
voiceband data transmission used in 
telecommunications and high fre- 
quency radio teletype. 


Measurement Considerations 

The intermodulation method of meas- 
uring distortion uses a combined driv- 
ing signal normally composed of two 
sine wave signals at different frequen- 
cies. A variation of this method, known 
as transient intermodulation distortion 
(TIM), uses a combination of sine wave 
and square wave signals and is useful 
in applications where dynamic distor- 
tion performance is important. 
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The IMD method is useful because 
second and third-order distortion 
measurements are not affected by the 
harmonic distortion of the signal 
source. Such harmonic distortion does 
not occur at the same frequencies as 
the intermodulation distortion pro- 
duced by the device under test. Thus a 
spectrum analyzer can be used to 
select just the distortion products pro- 
duced by the device under test. 


A common method uses a combina- 
tion of two relatively high frequency sig- 
nals of equal amplitude as the driving 
signal. For audio frequency measure- 
ments, their frequencies are typically 
separated by a few hundred Hertz. The 
separation is typically 10 KHz to 100 KHz 
for RF measurements. Figure 4.2 illus- 
trates the distortion products using this 
method. 


Figure 4.2 
Third-order intermodulation distortion products. 


The distortion sidebands at frequency 
f,-f, are second-order products and 
are much lower in frequency than the 
input signals f, and f,. The second- 
order distortion is equal to the ratio of 
the amplitude of the signal at frequency 
ff, to that of the sum of the signals at f,, 
and f,.- 


The third-order distortion products are 
gathered around the frequencies of the 
two driving signals at 2f,-f,, and 2f,-f,. 
Third-order distortion is equal to the 
ratio of the sum of the amplitudes of 
these third-order products to the sum 
of the amplitudes of the driving signals 
at f, and f,. 
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HP 3326A Solution 

The HP 3326A can be used with an HP 
3585A Spectrum Analyzer as shown in 
Figure 4.3 to make swept IMD meas- 
urements. Using the Two-Tone mode 
and the internal combiner the HP 
3326A can produce a Two-Tone signal 
at the Channel A output with a third- 
order IMD level of — 80 dBc (below 
+13 dBm and 1 MHz). 


This built-in capability eliminates the 
need for two separate sources and an 
external combiner. Combinations of 
sine wave and square wave signals can 
be produced for both conventional and 
transient IMD testing. Independent lev- 
els can be set for each tone to establish 
the proper level ratio. 


This HP 3326A/3585A system pro- 
vides swept IMD measurements result- 
ing in characterization of IMD perform- 
ance over the frequency range of 
interest. The HP 3326A Z-blank signal 
is used to trigger the HP 3585A sweep. 
With a common frequency reference 
and identical sweep times for both the 
HP 3326A and HP 3585A, the display 
on the HP 3585A Spectrum Analyzer 
can be set to track the desired IMD 
product or the frequency response of 
the device under test. 


The HP 3585A resolution bandwidth 
should be set wide enough to allow for 
small tracking offsets during the HP 
3326A sweep and narrow enough to 
resolve the distortion product of inter- 
est. * During ameasurement it is impor- 
tant that the HP 3326A and the HP 
3585A automatic calibration functions 
be disabled to prevent possible loss of 
tracking during periodic calibration. 


HP 3326A 


Figure 4.3 
Setup for swept intermodulation distortion meas- 
urements using the HP 3326A. 
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*To assure proper frequency tracking it may be necessary to disable HP 3585A multi-loop operation. This may be accomplished through the use of HP 3585A 
Test Mode 06 (See HP 3585A Service Manual pg. 11-3). 
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Using this setup, a reference trace is 
first taken of the frequency response of 
the device under test using only the 
Channel A output from the HP 3326A. 
This is accomplished by disabling the 
internal combiner and setting the 
Channel A start/stop sweep frequen- 
cies to sweep the IMD response fre- 
quency range. The same start/stop fre- 
quencies are set on the HP 3585A. 
With the device under test connected, 
a single sweep is triggered on the HP 
3326A, and the reference frequency 
response is displayed on the HP 
3585A display. This reference fre- 
quency response is stored in the the 
HP 3585A trace memory using the 
Store A—B function. 


Next, the HP 3326A Channel A and B 
sweep frequencies are set to produce a 
two-tone signal that will result in the 
desired IMD products over the fre- 
quency range of the reference sweep. 
The HP 3326A internal combiner is 
turned on and the combined output is 
at the Channel A output connector. 


The HP 3326A single sweep function is 
triggered and the response on the HP 
3585A display is stored in trace mem- 
ory A. The intermodulation distortion 
level is the difference between the dis- 
played IMD response and the refer- 
ence reading in trace memory B which 
can be seen by viewing both trace A 
and B simultaneously. 
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e /F Amplifier Example 

An example of swept third-order IMD 
measurement of an IF amplifier and fil- 
ter is shown in Figure 4.4. The swept 
two-tone frequencies from HP 3326A 
Channel A is from 430 kHz to 480 kHz 
and Channel B is swept from 431 kHz 
to 481 kHz. The HP 3326A internal 
combiner is turned on for a combined 
output. Equal amplitude signals of 
— 30 dBm are used at both channels 
and sweep time is 20 seconds. The HP 
3585A Spectrum Analyzer is set to 
sweep from 429 kHz to 479 kHz with a 
resolution bandwidth of 100 Hz. A refer- 
ence frequency response measure- 
ment is made with the HP 3326A set to 
sweep from 429 kHz to 479 kHz. In this 
example, the third-order IMD level can 
be seen as the difference between the 
upper reference trace and the lower 
measurement trace of Figure 4.4. 


e Mixer Example 

To measure the third-order IMD 
response of a mixer, the HP 3326A is 
set to produce two closely spaced sig- 
nals f, and f, with the internal combiner 
turned on. This two-tone signal is used 
as the RF input to the mixer and is 
mixed with a local oscillator to produce 
two IF signals with third-order distortion 
products as shown in Figure 4.5. 


a 
a ea 
ne... 


Figure 4.4 

Swept third-order distortion measurement of an 
IF amplifier and filter. Distortion level is the dif- 
ference between the reference trace (upper) and 
the measurement trace (lower) . Vertical axis 10 
dB/div.; Horizontal axis 429 kHz to 479 kHz. 


Figure 4.5 
Mixer distortion products. 
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An example of a swept third-order 
mixer distortion measurement is shown 
in Figure 4.6. In this example, the HP 
3326A Channel A frequency is swept 
from 10.3 to 9.7 MHz while Channel B 
frequency is swept from 10.31 to 9.71 
MHz. With a mixer local oscillator fre- 
quency of 10.475 MHz, the HP 3585A 
Spectrum Analyzer is set to sweep 
from 155 kHz to 755 kHz to track one of 
the third-order responses during the 
measurement. As in the previous 
example, a reference frequency 
response measurement should be 
taken. The HP 3326A Channel A 
sweep should be from 10.32 MHz to 
9.72 MHz during the reference sweep. 


Figure 4.6 

Swept third-order distortion of a mixer at the IF 
output. Distortion level is the difference between 
the two traces. Vertical axis 10 dB/div.; Horizontal 
axis 155 kHz to 755 kHz. 
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SEQUENTIAL TONE SIGNALING 


Application 

Selective calling systems are used in 
communications for enabling of pre- 
determined communication equip- 
ment. An example of this is dual-tone 
multiple-frequency (DTMF) signaling 
used in touch-tone telephone equip- 
ment. Multiple-tone signalling is also 
used in personal pagers and mobile 
radio applications. These applications 
require one or more sources with fast 
frequency switching to simulate tone 
encoders and test tone decoders. 


Measurement Considerations 

Available selective calling systems rep- 
resent a wide variety of tone formats. 
These formats differ in the number of 
tones present simultaneously, the time 
duration and amplitude of each tone, 
and the number of tones in a 
sequence. In communication systems 
with a large number of receiving 
devices, the tone format can be com- 
plex in order to accomodate many dif- 
ferent device addresses. Let’s look at 
an example with the DTMF format: 


e Dual-Tone Multiple-Frequency (DTMF) 
This format requires a sequence of tone 
pairs as specified in tone encoding 
standards such as EIA RS-470, Bell 
Technical Reference Pub. 48005 and 
CCITT. Table 4.1 lists the tone-pair fre- 
quencies for each touch-tone digit. 


The critical level, timing, frequency 
accuracy and distortion performance 
parameters are listed in Table 4.2. A 
typical DIMF timing sequence is 
shown in Figure 4.7. 
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High-Group 
Frequencies(Hz) 
Low-Group 
Frequencies (Hz) 1209 1336 1477 1633 
697 1 2 a A 
770 4 2 6 B 
852 p 8 9 C 
941 ; 0 ff D Table 4.1 DTMF Frequency Assignments. 
Parameter Performance Standard 
Minimum Tone Duration 50 ms 
Minimum Interdigital Time 45 ms 


Minimum Cycle Time 
Nominal Signal Level 
Frequency Accuracy 


Total Distortion 


HP 3326A Solution 

The HP 3326A Discrete Sweep func- 
tion can be used to generate rapid tone 
sequences at either or both of its two 
outputs. This feature takes advantage 
of fast internal hardware switching time 
(as fast as 5 ms) and internal Save- 
Recall Memory for a frequency list. 


The frequencies of each channel and a 
corresponding dwell time are stored for 
each element of Discrete Sweep. Up to 
63 frequency-time combinations can 
be stored in memory and then sequen- 
tially accessed using single or continu- 
ous sweep triggering. In the single 
sweep mode, an external signal can be 
used to trigger the sweep. Individual 
tones may be accessed through the 
Recall Discrete function. The amplitude 
of the tones are all equal during Dis- 
crete Sweep. 


100 ms (10 tones per second) 
—6to —4 dBm (600 Ohms) 
+ 1.2% 

10% above 500 Hz (Bell) 
S2% below 3400 Hz (CCITT) 


Table 4.2 DTMF Performance Parameters. 


NO NO 
DIGIT No. 1 TONE DIGIT No. 2 TONE DIGIT No. N 


LOW GROUP Om s Figure 4.7 
TONES oo _ —* + ooo. a The timing sequence for a dual-tone multiple-fre- 


quency (DTMF) signal. 


Pease 
TONES 2 oo oe ee 


e DIMF Example 

The following procedure shows the 
keystroke sequence for setting up a 
DTMF signal corresponding to the dig- 
its 7-1-5. 


1. Select the Two-Channel mode and 
set the amplitude to 0.38 Vrms. This 
level is approximately equal to the volt- 
age into 600 Ohms at —6 dBm. Acti- 
vate the output combiner and clear the 
discrete memory before proceeding. 


2. Set Channel A frequency to 852 Hz 
and Channel B frequency to 1209 Hz. 
This corresponds to the DTMF 7 digit. 
Set sweep dwell time to 50 ms and 
store this frequency pair and dwell time 
in discrete memory location 00. 


3. Set Channel A and Channel B fre- 
quencies to O Hz (or alternately to a fre- 
quency above the cutoff frequency of a 
low-pass filter optionally placed in the 
HP 3326A output). Set sweep dwell 
time to 45 ms and store in location 01. 
This corresponds to an interdigital no- 
tone state. 


4. Set the Channel A and B frequen- 
cies to 697 Hz and 1209 Hz (DTMF 1) 
respectively, with the same dwell time 
and store in location 01. Repeat for the 
frequency pair 770 Hz and 1336 Hz 
(DTMF 5) and same dwell time and 
store in location 02. 


5. Repeat Step 3 for the interdigital no- 
tone state using location 03. 


6. Select the Discrete Sweep mode, 
then trigger the sweep sequence with 
a single or continuous sweep key- 
stroke. The combined DTMF signal is 
available at the Channel A output with 
the HP 3326A combiner activated. 
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TWO-PHASE MODE OPERATION 


GETTING SIARTED 


1. Instrument Preset. 

To establish a known setup prior to 
entering setup data, press the green 
INSTR PRESET key. Upon preset, the 
HP 3326A assumes the following 
setup characteristics: 


Mode 

Frequency A and B 
Amplitude A and B 
DC offset A and B 
Phase 

Modulation 
Modulation level 


Sweep 


Function A and B 
Calibration 


Autocalibration 
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INSTR 
PRESET 


CJC 


2 CHANNEL 
1000 Hz 

100 mVp-p 
OV 

O deg 

Off 

30% 

Off 

Single ramp 
13 MHz span 
1s sweep 
Sine wave 
Internal 


Off 


PRESET. 


2. Select Mode—2 PHASE. 

For Two-Phase setups, press the 
MODE key to illuminate the 2 PHASE 
indicator. The HP 3326A now operates 
as two tracking sources with a variable 
phase offset. 


3. Set Data and Entry Parameters. 

Prior to entering data parameters, 
press the CHAN key to select the chan- 
nel to be modified. The channel 
selected is indicated by the illuminated 
channel indicator. 


Select an ENTRY key corresponding to 
the parameter to be modified. An indi- 
cator for the FREQ, AMPTD, PHASE, 
DC OFFSET, DUTY CYCLE and % 
AM/PM DEV ENTRY keys illuminates 
after the respective key is selected and 
the current value for the parameter is 
displayed. 


Enter new values into the display area 
with the numeric keypad and terminate 
the entry with the appropriate units key 
in the DATA block. Prior to ending the 
entry with the units keys, erroneous 
entries are corrected by removing dis- 
play digits with the BACK SPACE key 
or canceling the entry by pressing an 
ENTRY key. Entering an invalid value 
results in an error message and rejec- 
tion of the entry. Appendix A contains a 
listing of the error messages and a 
description of the fault. Figure 5.1 illus- 
trates entering setup values into the HP 
3326A. 


ASGN ZERO @ 


(JU 


(9 


CLR @ OFS 


SELECT 
MODE. 


ENTER 
VALUES. 


4, Select Function. 

The output waveform for each channel 
is selected with the FUNCTION keys. 
The output for each channel can be 
disabled or set to sine wave, square 
wave, or dc output (dc offset) only. 


5. Connect Device Under Test. 

Connect the HP 3326A outputs to the 
test device and other instruments used 
in the measurement as required. For 
two-phase measurements, the Chan- 
nel A output is used as the output 
reference. 


6. Calibration. 

Before making a measurement, cCalli- 
brate the HP 3326A with the MANUAL 
key. Amplitude, dc offset, and internal 
modulation are calibrated internally 
when the MANUAL key is pressed. 
Phase calibrations are based upon the 
selection made with the CALIBRATION 
SELECT key. Internal calibration 
senses phase at the HP 3326A out- 
puts. External calibration senses phase 
at a point external to the HP 3326A 
through the CH AEXT CAL INPUT and 
CHBEXT CAL INPUT as shown in Fig- 
ure 5.2. Multiphase calibration uses the 
ohase of an external frequency source 
as a reference and calibrates the HP 
3326A phase with respect to that refer- 
ence. Multiple Phase Operation in this 
chapter discusses multiphase calibra- 
tion and operation. 


1. CHAN (CH A) 
2. AMPTD 1 «© 14 2 


3. FREQ 1 O kHz 


SaNGrHiom ee sima\en sia 
AE TAN 
(a 


1. CHAN (CH B) 


2.AMPTD 1 ° 1 2 


3. PHASE 4 5 


Figure 5.1 
Two-Phase mode keystroke example resulting in 
the above output signals. 
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Figure 5.2 
External phase calibration connections. 
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TWO-PHASE MODE APPLICATIONS 


SERVO SYSTEM STABILITY 


Application 

Accurate characterization of servo sys- 
tem stability used in electromechanical 
applications such as helicopter auto- 
pilots, bicycle ergometers and process 
control is needed to assure proper 
operation. Low frequency gain/loss 
and phase shift measurements are 
needed to characterize these servo 
systems. These low frequency meas- 
urements are also important in medi- 
cal, geophysical and mechanical 
applications. 


Measurement Considerations 

The stability of a servo system can be 
determined using conventional tech- 
niques of measuring the magnitude 
and phase vs. frequency of the servo 
loop. The results can be plotted in sev- 
eral forms to characterize the servo sys- 
tem. A plot of phase versus magnitude 
on the complex s-plane is a Nyquist 
diagram. Log magnitude versus log 
frequency is a Bode plot. Plotting log 
magnitude versus phase yields a Nich- 
ols chart. 


HP 3326A Solution 

e Phase Shift 

With the test setup shown in Figure 5.3, 
the HP 3326A is used to make accu- 
rate and simple phase shift measure- 
ments. This technique involves com- 
paring the sinusoidal output of the 
device under test to the sinusoidal out- 
put of the HP 3326A Channel B signal, 
then adjusting the Channel B phase 
until a phase null is reached. The phase 
angle of the device under test is read 
directly from the HP 3326A Channel B 
phase display. 


A phase null is indicated on an 
oscilloscope, configured in the X-Y 
mode. The X-Y mode produces a 
Straight line Lissajous pattern, as 
shown in Figure 5.4. 


HP 3326A 


Figure 5.4 
A phase null is indicated by a straight line on the 
oscilloscope display. 


Figure 5.3 
Setup for measuring phase shift using the Lissa- 
jous technique. 


HP 1740A OSCILLOSCOPE 


Y INPUT 


X INPUT 


DEVICE 
UNDER 


The null technique yields high phase 
sensitivity with excellent repeatability. 
By increasing the oscilloscope scaling 
factor, small changes can be observed 
near null. The accuracy of the phase 
shift measurement Is limited by the HP 
3326A phase accuracy, the depth of 
the null and the phase match of the X 
and Y oscilloscope inputs. 


Normally at low frequencies small dif- 
ferences in cable lengths along the sig- 
nal paths to the oscilloscope do not 
introduce significant phase errors. 
However, at RF frequencies, as in 
some electronic applications, the 
effects of different cable lengths should 
be considered. Errors can be mini- 
mized by using the HP 3326A’s built-in 
internal or external phase calibration 
Capability and is recommended before 
making a measurement. 


e Gain/Loss 

To accurately determine the magni- 
tude of the gain (or loss) in the servo 
loop, the HP 3326A’s output attenuator 
can be used as a standard in a sub- 
stitution measurement. Using this tech- 
nique, the oscilloscope is placed in the 
normal time base mode, and the out- 
put of the servo loop under test is con- 
nected to the Y-axis input. Temporarily 
replace the servo loop under test with a 
through connection to establish a refer- 
ence level on the oscilloscope, then 
note the HP 3326A Channel A output 
level. Now reconnect the device under 
test and adjust the HP 3326A Channel 
A output level for an oscilloscope dis- 
play at the reference level. The dif- 
ference between the reference level 
and the readjusted HP 3326A output 
level in dB Is the servo loop gain at the 
test frequency. 
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TRACK-AND-HOLD SETTLING TIME 


Application 

Track-and-hold circuits are commonly 
used in analog-to-digital converters. 
Their design and performance evalua- 
tion often requires the measurement of 
settling time after a full scale input 
change. The characterictics of the 
amplifier in track-and-hold device usu- 
ally determine settling time. A model of 
a typical track-and-hold circuit is shown 
in Figure 5.5. In this model, the ampli- 
fier input tracks the signal at all times 
and samples of the amplifier output are 
taken and held for various times after a 
full scale input change. 


Measurement Considerations 

The value of the sampled signal can be 
measured on a digital voltmeter for vari- 
ous delay times after a full scale track 
and hold circuit input level change. A 
test setup for this measurement Is 
shown in Figure 5.6. In this setup, the 
gate signal is a particular logic level 
(e.g., TTL, ECL, CMOS, etc.) and the 
input level is rapidly changed between 
the device minimum and maximum 
values to simulate a full scale range 
change. 


GATE 


= 


Figure 5.5 
A block diagram of a typical track-and-hold 
circuit. 
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HP 3326A Solution 

The HP 3326A Two-Phase mode with 
square wave output is used to generate 
both a rapidly changing input signal 
and the gate signal with a known delay 
time as shown in Figure 5.7. The HP 
3326A Channel B dc offset and square 
wave amplitude are adjusted to the pro- 
duce the required gate logic signal. 
This gate signal is also used to trigger 
the digital voltmeter which measures 
the sampled value. The delay time T is 
related to the HP 3326A Channel B 
phase offset Ag as given by the equa- 
tion T = A@/(360 x freq(Hz)). 


FULL SCALE INPUT 


OV 


OV 


HP 3326A 


HP 3437A 
SYSTEMS VOLTMETER 


EXT TRIGGER 


TRACK-AND-HOLD 
CIRCUIT UNDER 
TEST 


Figure 5.6 
Track-and-hold settling time measurements can 
be made with this setup using an HP 3326A. 


INPUT SIGNAL 
(CHANNEL A) 


— — DELAY TIME T 


GATE SIGNAL 
(CHANNEL B) 


Figure 5.7 

The HP 3326A Two-Phase mode is used to gen- 
erate both the input and gating signals with an 
accurate delay time. 


The HP 3326A performance allows 
precise delay times to be generated. 
The minimum delay is determined by 
the residual PM performance of the HP 
3326A. Residual PM causes gate jitter 
of approximately 0.1 percent of a 
period (e.g., 1ns at1 MHz and 1 us at 1 
kHz). The rise/fall time of the HP 3326A 
square wave Is approximately 15 ns. 


The maximum delay time is two peri- 
ods of the test frequency. By varying 
the delay time (Channel B phase) and 
taking a series of readings on the digital 
voltmeter the track and-hold settling 
characteristics can be measured as a 
function of time after a full scale input 
change. Figure 5.8 shows a settling 
time measurement using this 
procedure. 


Figure 5.8 
Example of a track-and-hold settling time 
measurement. 
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BALANCED OUTPUT 


Application 

A balanced output has two lines which 
are symmetical about ground, with 
equal signal levels and 180 degrees out 
of phase. Balanced outputs are used to 
drive balanced loads such as a bal- 
anced line used in high speed data 
transmission to remote terminals from a 
central computer. They are also used 
to drive symmetrical circuits such as 
switching regulators or amplifiers. 


Measurement Considerations 

Many of these applications requiring a 
balanced output can be driven directly 
with respect to ground. For those 
applications requiring a non-grounded 
reference point or floating balanced 
signals, balancing transformers are 
commonly used. Impedances such as 
124, 135, 150, 300, 600 or 900 Ohms 
may also be required in these 
applications. 


HP 3326A Solution 

The HP 3326A can be used to produce 
two signals with a 180 degree phase 
relationship using the Two-Phase 
mode. The two signals can be set to 
equal levels and both are referenced to 
ground. The equivalent circuit for this is 
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shown in Figure 5.9. Note that the out- 
put impedance |s twice that of each HP 
3326A output or 100 Ohms (without the 
High Voltage Output Option) and the 
Channel A and B levels are each one- 
half of the balanced output level. 


HP 3326A 
CHANNEL A 


E9/2 2 0 deg 


2 emaeeD 
OUTPUT 
Eo 

Zp = 1002 


HP 3326A 
CHANNEL B 


Eo/2 2.180 deg 


Figure 5.9 
Equivalent circuit of the HP 3326A output when 
used as a balanced source. 


For those applications requiring other 
impedances, it is a simple matter to 
add a balanced attenuator to the HP 
3326A output as shown in Figure 5.10. 
The values for R1 and R2 are given by 
the following equations where ZS = 100 
Ohms (HP 3326A balanced output 
impedance) and ZL is the load 
impedance. 


Rt = ZS/V1-ZS/ZL 


and 
R2 = ZL/2 V1-ZS/ZL 


Values for R1 and R2 are listed in Table 
5.1 for some of the common balanced 
output impedances. Attenuation val- 
ues are also listed so that the HP 
3326A output level can be increased to 
compensate for the loss in the 
attenuator pad. 


HP 3326A Figure 5.10 
Output impedances other than 100 Ohms can be 
obtained using a balanced attenuator pad. 


BALANCED 
ATTENUATOR 


Ri ZL 


Impedance(ZL) R1 R2 Attenuation 
(Ohms) (Ohms) (Ohms) (dB) 

124 22153 Zi 4.10 dB 
130 196.4 34.4 4.88 dB 
150 Vise 43.3 5.72 dB 
300 W2ee0 122.5 9.96 dB 
600 109.6 213.8 13.42 dB 
900 106.1 424.3 15.31 dB 


Table 5.1 Balanced attenuator values for various impedances. 
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PHASE DETECTOR TESTING 


Application 

A phase detector is an important com- 
ponent in phase-locked loops, com- 
munication systems and many other 
applications. The function of a phase 
detector is to produce an output signal 
that is proportional to the phase dif- 
ference between its two input signals. 
An ideal phase detector has a linear 
transfer function between its output 
and input. Characterization of this 
transfer function is important in order to 
analyze overall system performance. 


Phase Detector Measurement 
Considerations 

The slope of a phase detector transfer 
function is a key factor in the loop gain 
of a phase locked loop. The distortion 
characterictics of a phase demodulator 
are related to detector linearity. The 
slope or linearity of the transfer function 
may vary over the detectors’ input 
range. 


Measurement of detector charac- 
teristics can be difficult because the 
non-linearity of interest frequently 
occurs over a small region such as the 
zero crossover point. A phase detector 
characteristic with a change in slope 
around zero phase is shown in Figure 
9.13. Phase modulation techniques 
can be used to simplify the measure- 
ment of phase detector linearity and 
gain. 


50 


HP 3326A Solution 

The HP 3326A is particularly useful for 
phase detector testing because it pro 
vides the required two input signals 
and can be phase modulated. |In addi- 
tion, it has the phase resolution and 
accuracy required and offers both sine 
wave and square wave signals for test- 
ing both analog and digital types of 
detectors. HP 3326A PM linearity is + 
0.5 percent of the best fit straight line 
over a +360 degree range. 


Figure 5.11 
A typical phase detector transfer function. Ver- 
tical axis 100 mv/div.; horizontal axis 75 deg/div. 
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Figure 5.12 shows a test setup for 
measuring phase detector charac- 
teristics. Using the HP 3326A Two- 
Phase mode, Channel B phase is 
adjusted for operation at the detectors’ 
region of interest. The HP 3326A Chan- 
nel A and B output levels and wave- 
forms are adjusted to be compatible 
with the phase detector input 
requirements. 


The HP 3326A Channel A output is 
externally phase modulated with a sine 
wave (or triangular wave) from the HP 
3314A Function Generator at a conven- 
ient rate below 5 kHz. This signal also 
drives the X-axis of the HP 1740A 
Oscilloscope. The phase detectors’ 
output level versus input phase is dis- 
played on the oscilloscope. Resolution 
can be increased by reducing the peak 
deviation and increasing the 
oscilloscope sensitivity. Figure 5.13 
shows an example of a phase detector 
transfer function characteristic as 
measured with this technique. 


HP 1740A 


HP 3326A OSCILLOSCOPE 


HP 3314A 
FUNCTION GENERATOR 


Y INPUT X INPUT 


PHASE DETECTOR 

UNDER TEST 
Figure 5.12 
Setup for phase detector testing using the HP 
3326A. 


Figure 5.13 

A digital phase detector response to input 
changes centered around zero phase. Vertical 
axis 50 mV/div.; Horizontal axis 10 deg/div. 
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PHASED ARRAY STEERING 


Application 

The directivity pattern of multiple-ele- 
ment phased arrays such as those 
used in sonar, medical ultrasound 
imaging and radio communications 
are usually steered in a particular direc- 
tion. Steering allows the main lobe of 
the directivity pattern to be concen- 
trated at an object or in a desired direc- 
tion. This minimizes transmitter power 
requirements and maximizes the 
received signal level. Steering also 
reduces the effects of unwanted inter- 
ference and is of particular important in 
pulse applications where it reduces the 
effects of echoes. 


Directivity pattern steering can be 
accomplished by controlling the signal 
time delay between the individual 
transducer elements in the array as 
illustrated in Figure 5.14. The phase dif- 
ference between the wavefronts at 
each array element is a function of the 
azimuth direction. By adding the 
proper time delay or phase offset to (or 
from) each element, the combined 
array can be made to constructively 
add signals in the desired direction or 
reject those in other directions. 
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Measurement Considerations 

The HP 3326A offers high resolution 
phase control that is needed in array 
steering applications. Two or more HP 
3326A's can be used together to gen- 
erate the required number of signals 
with an accurate phase relationship for 
multiple phase applications. The use of 
additional HP 3326A’s does not 
require a phase meter or other instru- 
ments to maintain calibration. A built-in 
multiphase calibration function can be 
used to align the phase of these addi- 
tional HP 3326A’s to a reference 
phase. This subject is discussed in this 
chapter under Multiple Phase 
Operation. 


PHASE DELAY 
G1 


TRANSMITTER 
OR 
RECEIVER 


(= 


a= 


HP 3326A Solution 

The method of phase control varies 
depending upon the array design, but 
in general, consists of either controlling 
the phase at the operating frequency 
of the array, or controlling the phase 
of a local oscillator signal in a mixer 
scheme. Figures 5.15 and 5.16 are 
block diagrams of typical phasing 
schemes. 


Figure 5.14 
Operation of an electronically steerable phased 
array. 
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Figure 5.15 

Each element of a phased array may be driven 
with the proper phase relationship from separate 
HP 3326A outputs. 


Figure 5.16 

A mixer scheme can be used where the phase of 
the local oscillator is varied to steer or focus the 
array. The mixer outputs are summed and used 
as the receiver input. 
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MULTIPLE PHASE OPERATION 


Application 

Many applications require accurate 
phase relationships between more 
than two signals. Multiple single output 
sources with adjustable phase 
Capability can be used to generate 
multiple phase signals. However, this 
usually requires additional instruments 
such as a phasemeter to set and main- 
tain a calibrated phase relationship 
between the signals. The additional 
equipment can be expensive and 
complicates the measurement. 


Measurement Considerations 

Two or more HP 3326A’s can be used 
together to simplify the multiple phase 
measurement problem in several ways. 
First, built-in multiphase calibration 
Capability can be used to align the 
phase of one or more HP 3326A's to a 
reference phase. Once aligned, the 
ohase of any output signal can be 
adjusted to the required offset without 
the need for additional instruments. 
Second, by providing two phase 
related signals in one instrument, the 
number of required source instruments 
is reduced. 
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Multiphase calibration is accomplished 
with two easy keystrokes. Use the 
Select key to select the Multiphase Cal- 
libration mode, then press the Manual 
key to initiate the calibration. 


HP 3326A Solution 

Suggested connection diagrams for 
three and four phase operation are 
shown in Figures 5.17 and 5.18, 
respectively. Additional phases can be 
added by further splitting reference 
Channel A output to provide calibration 
signals for more HP 3326A’s until the 
calibration input level falls below + 4 
dBm (1 Vp-p). The use of two-resistor 


10 MHz REF 


REFERENCE SOURCE 
(HP 3325A, HP 3335A) OUT 


OUTPUT 


HP 11652- 
60009 
POWER 
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PHASE MATCHED CABLES 


$; = REFERENCE PHASE 


Figure 5.17 
Setup for three-phase operation using the HP 
3326A with another synthesizer. 


HP 3326A IN B if 


power splitters as shown in the figures 
with phase matched outputs is recom- 
mended for highest accuracy. 


Three power splitters, with 6 dB loss 
each, will provide an external phase 
calibration input level of + 6 dBm at an 
HP 3326A output level of + 24 dBm. 
With seven power splitters an addi- 
tional seven HP 3326A’s can be added 
for a total of sixteen phases. Additional 
phases can be added by using Chan- 
nel A of each successive HP 3326A as 
another phase reference, with the 
appropriate power splitters. 
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The following rules must always be 
applied for accurate calibration. Signifi- 
cant errors beyond instrument 
accuracy can be introduced if these 
rules are not used: 


1. The paths for the rear panel A and B 
external phase calibration inputs must 
be phase matched to each other for 
each HP 3326A. This rule also applies 
to the signal paths from each HP 
3326A front panel output to the load. 
These paths may include one or more 
power splitters. 
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Figure 5.18 
Setup for four-phase operation using a second 
HP 3326A. 


2. Calibration must be done with the 
same waveforms and equal signal lev- 
els (> +4 dBm or 1 Vpp) at the phase 
calibration inputs. User test levels may 
be different than the output levels 
required during calibration. In this 
case, the levels will have to be changed 
momentarily during calibration. 


3. Calibration can be done only above 
1 KHz, but is valid below 1 kHz if all 
sources are HP 3326A’s and are 
triggered to change frequency 
simultaneously. 
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APPENDIX A. ERROR MESSAGES 


This Appendix lists the error message and code set for the HP 3326A. A description of each error is given to assist the user in 
correcting a particular error condition. These error messages and codes are indicated on the HP 3326A display and the 
codes are available via the HP-IB. Errors are caused by either improper programming or instrument faults. 


Message 


SNTX 
RMOT 
LOCK 


RNGE 
RNGE 
RNGE 


RNGE 
RNGE 
RNGE 


BFR 


INTR 
RNGE 
RNGE 


CNVT 


SUFX 
SUFX 


INC 


AMPL 
MODL 
MODE 
FREQ 


CMBR 


SWFR 
DUTY 
SWFR 
SWFR 


RATE 


DSWP 
DSWP 
DSWP 
DSWP 


DSWP 


Code 


10 
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Description 

HP-IB command has syntax error or contains illegal characters. 
Front panel key pressed while HP 3326A in remote. 

LOCAL key pressed while HP 3326A in local lockout. 


Value entered for selected parameter exceeds valid limits. 

In 2 TONE mode, Channel B offset frequency greater than 100 kHz. 

Discrete frequency sweep element save nonsequential with existing elements, or instrument state 
save breaks continuity of discrete frequency elements. 

Marker frequency entered is outside sweep span. 

Frequency value greater than 1 MHz entered with high voltage option active. 

Frequency value greater than 5 kHz entered with internal PM active, or greater than 100 kHz with 
internal AM active. 


In 2 TONE mode with Channel B high voltage option enabled, Channel B frequency cannot track 
change to Channel A frequency. 


Value that cannot be displayed has been interrogated over the HP-IB. 
Internal modulation enabled and Channel B amplitude or offset selected as display value. 
Channel B phase selected as display value when PULSE mode enabled. 


Units conversion results in zero display value. 


Units key selected improper for parameter selected. 
High voltage option enabled and dBm selected as units. 


Increment value or units incompatible with displayed value. 


Combiner selected but not enabled because current amplitude value is too large. 

Combiner selected but not enabled because Internal AM or PM is enabled. 

Requested operation or function incompatible with mode selected. 

Internal PM selected with Channel B frequency greater than 5 kHz, or internal AM selected with Chan- 
nel B frequency greater than 100 kHz. 

Combiner selected but not enabled because AM or PM enabled. 


Frequency sweep start and stop frequencies are equal for both channels. 

Pulse duty cycle too narrow for sweep range. 

High voltage option enabled and sweep frequency is greater than 1 MHz. 

Channel B frequency exceeds 5 kHz internal PM limit or 100 kHz internal AM limit during sweep. 


Sweep rate less than 5 mHz/s or greater than 0.5 MHz/ms. 


No discrete frequency sweep elements exist for discrete frequency sweep. 

Frequency too high for duty cycle requested during discrete frequency sweep. 

High voltage option enabled and discrete frequency sweep element frequency exceeds 1 MHz. 
Channel B frequency exceeds the 5 kHz internal PM limit or 100 kHz internal AM limit during discrete 
frequency sweep. 

Discrete frequency elements in memory incompatible with selected mode. 


Message 


P OF 


Code 


120 


Description 
Cannot clear Channel A phase offset. 


High voltage option selected and not installed. 
Channel B high voltage option selected with internal modulation. 
High voltage option selected when frequency is greater than 1 MHz. 


A checksum error for recall, learn, or program operation. 
Current instrument configuration incompatible with recalled or programmed state. 


An error is detected in an instrument state recalled from memory and instrument state is replaced with 
preset state. 


Channel A output is overloaded. 

Channel B output is overloaded. 

SYNC output is overloaded. 

Channel A voltage controlled oscillator is unlocked. 


HP 3326A cannot lock to external reference signal that is present. 


Unsuccessful internal AM or PM calibration. 
Unsuccessful phase calibration. 
Unsuccessful amplitude calibration. 
Unsuccessful dc offset calibration. 
Unsuccessful residual dc offset calibration. 


Successful self test. 
Unsuccessful self test. 
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FOR MORE INFORMATION: Call your HP Sales Office listed in the telephone directory white pages. Ask for the Electronic Instruments Department. Or write to Hewlett-Packard: U.S.A.: P.O. Box 10301, Palo Alto, CA 94303- 
0890. Europe: P.O. Box 999, 1180 AZ Amstelveen, The Netherlands. Canada: 6877 Goreway Drive, Mississauga, L4V 1M8, Ontario. Japan: Yokogawa-Hewlett-Packard Ltd., 3-29-21, Takaido-Higashi, Suginami-ku, 
Tokyo 168. Elsewhere in the world, write Hewlett-Packard Intercontinental, 3495 Deer Creek Road, Palo Alto, CA 94304 U.S.A. 
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